Density distribution sunflower plots are used to display high-density bivariate data. They are useful for data where a conventional scatter plot is difficult to read due to overstriking of the plot symbol. The x-y plane is subdivided into a lattice of regular hexagonal bins of width w specified by the user. The user also specifies the values of l, d, and k that affect the plot as follows. Individual observations are plotted when there are less than l observations per bin as in a conventional scatter plot. Each bin with from l to d observations contains a light sunflower. Other bins contain a dark sunflower. In a light sunflower each petal represents one observation. In a dark sunflower, each petal represents k observations. (A dark sunflower with p petals represents between / 2 pk k and / 2 + pk k observations.) The user can control the sizes and colors of the sunflowers. By selecting appropriate colors and sizes for the light and dark sunflowers, plots can be obtained that give both the overall sense of the data density distribution as well as the number of data points in any given region. The use of this graphic is illustrated with data from the Framingham Heart Study. A documented Stata program, called sunflower, is available to draw these graphs. It can be downloaded from the Statistical Software Components archive at
Introduction
The scatterplot is a powerful and ubiquitous graphic for displaying bivariate data [1] . These plots, however, become difficult to read when the density of points in a region becomes high (see Figure 1 ). Cleveland and McGill [2] introduced the sunflower plot as a solution to this problem. A sunflower is a number of short line segments, called petals, that radiate from a central point. In a sunflower plot, the x-y plane is divided into a lattice of regular square bins; a sunflower is placed in the center of each bin that contains one or more observations. They are drawn so that the number of petals of each sunflower equals the number of observations in the associated bin. Sunflower plots are effective at dealing with the overstrike problem that arises with high-density scatter plots. Unfortunately, information on the precise location of points is lost in low-density regions of the graph. This is particularly true when the bin size is large. Carr et al. [3] proposed plotting individual points at their exact location as long as there were less than four observations per bin. They also introduced hexagonal shaped bins that permit sunflowers to be more densely packed and that de-emphasize horizontal and vertical patterns that can be introduced by square bins. Scott [4] showed that hexagonal bins produce a lower integrated mean squared error for bivariate histograms than does any other bin shape that can tile the plane. Carr et al. [3] also experimented with using a hexagonal shaped symbol whose size increased monotonically as the number of observations in the associated bin increased. Huang et al. [5] introduced a similar graphic. These approaches give an excellent feel for the density distribution of the bivariate data. They do not, however, permit readers to estimate the number of observations in a given region. In addition, these graphs are not trivial to produce, and these authors have not provided software written in a common language that makes them easy to draw. In this paper we intro-duce the density distribution sunflower plot. This graphic attempts to combine the best features of the sunflower plot and the density distribution graphics of Carr et al. [3] and Huang et al. [5] . A documented Stata program is available to draw these graphs. Figure 2 shows a density distribution sunflower plot of baseline diastolic blood pressure versus body mass index for subjects in the Framingham Heart Study [6, 7] . This is the same data set displayed in Figure  1 . Data points are represented in one of three ways: as small circles representing individual data points as in a conventional scatterplot, as light sunflowers, and as dark sunflowers. In a light sunflower each petal represents one observation. In Figure 2 , light sunflowers are drawn in dark brown on a light green background. In a dark sunflower, each petal represents k observations, where k is specified by the user. (A dark sunflower with p petals represents between / 2 pk k and / 2 pk k + observations.) In Figure 2 , k = 7, and the dark sunflowers are drawn in black on a brown background. The first step in producing this graph is to define a lattice of hexagonal bins for the graph. The user specifies the bin width in the units of the x-axis. The bin height is then determined by the graphing software in such a way as to produce regular hexagonal bins. The user also specifies two thresholds l and d. Whenever there are less than l data points in a bin the individual data points are depicted at their exact location. When there are at least l but fewer than d data points in a bin they are depicted by a light sunflower. When there are at least d observations in a bin they [6, 7] . Overstriking of many observations near the center of this graph makes it impossible to determine the density of observations for the most common values of these two variables.
Density Distribution Sunflower Plots
are depicted by a dark sunflower. If the number of observations in a bin is less than 1.5k but at least d then a dark sunflower is drawn as a single dot in the center of the bin. Similarly, if l = 1 and there is only one observation in a bin then a light sunflower is drawn as a single dot in the center of the bin. In Figure 2 , l = 3 and d = 13. Note that the maximum density of observations represented by dark sunflowers in this figure is about 98 subjects per bin. The user can control the colors of the dark and light sunflowers, their background colors, the color used to depict individual data points, and the length and thickness of the lines used for light and dark sunflowers. Although color is helpful for these plots, black and white plots can be produced by drawing light sunflowers with black ink on a gray background and dark sunflowers with white ink on a black background. We have written a documented Stata program (ado file) to draw these plots, which is in the public domain [8] . It is based, in part, on public domain code authored by Steichen and Cox [9] . The user must have Stata Release 7 or a later version installed on her computer to use this program [10] .
Discussion
The density distribution sunflower plot combines features of the original sunflower plot of Cleveland and McGill [2] with the graphics proposed by Carr et al. [3] and Huang et al. [5] . It shares with these latter graphics the ability to depict individual data points in low-density regions. If the bin size is kept small and the background colors of light and dark sunflowers are chosen carefully, the density distribution sunflower plot does a good job at depicting the density distribution of the bivariate data. At this task it is comparable to the Varebi plots of Huang et al. [5] and the density plots depicted in Figures 8 and 9 of Carr et al. [3] . Our graphic also uses the hexagonal bins of Carr et al. [3] . Like the Varebi plots, our graphic can be redrawn interactively to account for changes in the ratio of the lengths of the x-and y-axes. An advantage of our approach is that it provides more information on the actual distribution of the data. The reader can determine the exact location of data points in low density regions, the exact number of data points in bins that contain light sunflowers, and can estimate to within k/2 observations the number of data points in bins with dark sunflowers. In contrast, the Varebi graphs and the area density graphs of Carr et al. [3] give only relative changes in the density of the data. An important advantage of our approach is that it may be easily implemented by users of an established statistical software package [10] . The density distribution sunflower plot could easily be extended to handle a wider range of density distributions by introducing more than two types of sunflowers (e.g. light, darker and darkest sunflowers). However, most high-density data sets that we have encountered can be effectively displayed using only light and dark sunflowers.
The density distribution sunflower plot is analogous to the stem-and-leaf plot of Tukey [11] . At a distance, stem-and-leaf plots look like histograms and provide a good intuitive depiction of the distribution of a univariate data set. However, the values of the individual data points can be determined from the plot by examining the individual values of the "leaves". Similarly, the density distribution sunflower plot can provide an intuitive picture of the bivariate distribution of two variables. Close inspection of the sunflowers, however, provides far more information about the actual data set than can be obtained from a conventional bivariate density plot.
